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GENETIC STUDIES I N  SPACE 

G. P. Parfenov 

ABSTRACT. 
s t u d i e s  i n  space  covering the per iod  from the la te  twen- 
t ies  through 1965. 
of f ree-bal loon,  rocke t ,  and s a t e l l i t e  experiments wi th  
microorganisms, p l a n t s ,  and animals. A b r i e f  a n a l y s i s  of 
t hese  r e s u l t s  is  given. 

Review of Sovie t  and f o r e i g n  papers  on g e n e t i c  

Discussed s p e c i f i c a l l y  are the  r e s u l t s  

/140* - Genet ic  experiments i n  space have already been going on f o r  more than  
t h r e e  decades, i f  w e  count s t u d i e s  conducted i n  t h e  upper atmosphere, which is 
equiva len t  t o  space i n  many respec ts .  
been accumulated during t h i s  t i m e .  The purpose of t h i s  a r t i c l e  is  t o  g ive  t h e  
most complete and genera l ized  p o s s i b l e  review of t hese  inves t iga t ions .  

Natura l ly  a g r e a t  amount of material has 

Since gene t i c  research  is  the  sub jec t ,  t h e  review should inc lude  only 

In many cases ,  however, i t  is d i f f i c u l t  
s t u d i e s  based on hybr idologica l  ana lys i s  of o f f s p r i n g  o r  c y t o l o g i c a l  s tudy  of 
t h e  material c a r r i e r s  of i nhe r i t ance .  
t o  d i s t i n g u i s h  g e n e t i c  s t u d i e s  from phys io logica l ,  biochemical,  and radiobio-  
l o g i c a l  s t u d i e s ,  such as when analyzing the  s u r v i v a l  of microorganisms o r  t h e  
induct ion  of s t e r i l i t y .  Such inves t iga t ions  a l s o  w i l l  be  considered. 

The experiments w e r e  conducted by exposing b i o l o g i c a l  o b j e c t s  c a r r i e d  
a l o f t  i n  ba l loons ,  rocke t s ,  and a r t i f i c i a l  e a r t h  satellites. The t y p e  of ex- 
posure determines some d i s t ingu i sh ing  c h a r a c t e r i s t i c s  of t h e  experiments ( a l t i -  
tude and du ra t ion  of f l i g h t ,  t h e  combination of f a c t o r s  a f f e c t i n g  t h e  o b j e c t ,  
etc.). Therefore ,  the experiments w i l l  be  arranged f o r  review according t o  the  
method used f o r  exposure of t h e  material, although t h i s  w i l l  somewhat m a r  t h e  
chronology of expos i t ion .  

I n t e r e s t  i n  g e n e t i c  i n v e s t i g a t i o n s  i n  space w a s  t he  r e s u l t  of two discover- 
ies: 
proof beyond doubt i n  t h e  l a t e  1920's of t h e  mutagenic e f f e c t  of i on iz ing  r ad i -  
a t ion .  It w a s  t heo r i zed  t h a t  spontaneous mutat ions i n  organisms are not  actu- 
a l l y  spontaneous,  bu t  r e s u l t  from the  e f f e c t  of cosmic r a d i a t i o n .  
a t t empt s  t o  v e r i f y  t h i s  hypothesis  experimentally usua l ly  gave negat ive  r e s u l t s .  
The method used w a s  t o  p l ace  t h e  experimental  series of o b j e c t s  e i t h e r  under- 
ground [l-51 o r  i n  the  mountains [6-111. I n  two s t u d i e s  [9-111 an e f f e c t  w a s  
no ted ,  b u t  t h e  au thors  themselves quest ion both the  r e a l i t y  of t h e  e f f e c t  and 
i t s  o r i g i n .  

t h e  discovery of i o n i z i n g  cosmic rays a t  t h e  e a r t h ' s  s u r f a c e ,  and t h e  

However, 

S t u d i e s  i n  which b i o l o g i c a l  ob jec t s  ( b a c t e r i a ,  lower fungi ,  DrosophiZa, 
mice) were placed under s h i e l d s  of var ious th icknesses  o r  were l e f t  unpro tec ted / l41  
gave more d e f i n i t e  r e s u l t s .  When screen  th ickness  w a s  such as t o  form a shower 
of cosmic p a r t i c l e s  by t h e  Rossi  e f f e c t ,  g e n e t i c  changes w e r e  usua l ly  observable  
[12-171. 

*Numbers i n  t h e  margin i n d i c a t e  paginat ion i n  t h e  fo re ign  tex t .  
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1. Experiments &Bal loons  

The poor r e s u l t s  of s t u d i e s  conducted on t h e  ground brought  many leading  
g e n e t i c i s t s  t o  t h e  opinion t h a t  t h e  ques t ion  of t h e  g e n e t i c  e f f e c t  and evolu- 
t i ona ry  s i g n i f i c a n c e  of cosmic r a d i a t i o n  would have t o  b e  so lved  by l o f t i n g  
s u i t a b l e  b i o l o g i c a l  o b j e c t s  on s t r a t o s p h e r i c  ba l loons .  I n  p a r t i c u l a r ,  such 
i d e a s  were expressed by N. Kol ' tsov,  H. Muller and G. Nadson a t  t h e  All-Union 
Conference on Study of t h e  S t r a tosphe re  i n  1935 [18-201. 

: 

i 

A s u i t a b l e  experiment w a s  devised as e a r l y  as 1935. The s t r a t o s p h e r i c  ba l -  
loon "SSSR-l-bis", which a t t a i n e d  an  a l t i t u d e  of 15,900 m,  c a r r i e d  male Drosoph- 
i l a  of t h e  normal Nal 'chik l i n e ,  which were analyzed a f t e r  r e t u r n  t o  e a r t h  f o r  
the presence of recessive l e t h a l s  i n  t h e  s e x  chromosome. No s t a t i s t i c a l l y  re- 
l i a b l e  d i f f e r e n c e  w a s  found i n  t h e  incidence of l e t h a l s  i n  t h e  experimental  and 
c o n t r o l  groups. On t h e  b a s i s  of t h i s  experiment, F r i e sen  concluded t h a t  cosmic 
r a d i a t i o n  p l ays  an unimportant r o l e  i n  evolut ionary processes  on e a r t h  [21-231. 

A s imilar  experiment w a s  c a r r i e d  out i n  t h e  United S t a t e s  i n  1935 on t h e  
ba l loon  "Explorer 2". 
s ive l e t h a l s  i n  the  s e x  chromosome and one of t h e  autosomes, t h e  "Explorer 2" 
c a r r i e d  fungus spores .  
t r o l  groups of e i t h e r  DrosophiZa [24] or fungus spores  [25] .  

Besides male Drosophila, which were analyzed f o r  reces- 

No d i f f e r e n c e s  were found between experimental  and con- 

T h e r e a f t e r  s t u d i e s  of t h e  upper atmosphere by ba l loons  ca r ry ing  b i o l o g i c a l  
o b j e c t s  w e r e  suspended f o r  a long t i m e .  
ments t h e  "swan song" of g e n e t i c  s t u d i e s  i n  space.  
b i o l o g i c a l  ba l loon  s t u d i e s  were revived wi th  inc reased  i n t e n s i t y .  
v i o u s l y  due t o  t h e  f a c t  t h a t  t h e  c e i l i n g  f o r  ba l loons  had r i s e n  t o  20-30 km, 
that i s ,  they  began t o  reach t h e  upper l i m i t  of p e n e t r a t i o n  by heavy primary 
cosmic p a r t i c l e s .  I n  a d d i t i o n ,  t h e  dura t ion  of ba l loon  f l i g h t s  increased  t o  
approximately one day and the e q o s ~ r e  zf nsterial accordingly increased  i n  
du ra t ion .  

Some g e n e t i c i s t s  c a l l e d  these  experi-  

This i s  ob- 
However, e a r l y  i n  t h e  1950's 

A cons ide rab le  number of ba l loons  were re l eased  i n  t h e  United S t a t e s  from 
1951 t o  1958 f o r  t h e  Skyhook, Man High, and S t r a t o l a b  p r o j e c t s .  
main o b j e c t i v e s  of t h e s e  ba l loon  f l i g h t s  w a s  t o  s tudy t h e  b i o l o g i c a l  e f f e c t  of 
the heavy component of primary cosmic r ad ia t ion .  The cy to topo log ica l  research  
method w a s  used ex tens ive ly  i n  these  experiments. The experimenters  counted 
the number of t r a c k s  l e f t  by heavy p a r t i c l e s  i n  s e c t i o n s  of t i s s u e s  of l i v i n g  
mammals  c a r r i e d  a l o f t .  Analyses were made mainly of nerve ,  s k i n ,  and r e t i n a l  
t i s s u e .  Mice, hamsters ,  rats,  r a b b i t s ,  guinea p i g s ,  and cats were used i n  t h e  
experiments  [26-331. Al toge ther  a g r e a t  many experiments w e r e  made, al- 
though many f l i g h t s  ended i n  f a i l u r e ;  however, i n  no i n s t a n c e  w a s  it p o s s i b l e  
t o  e v a l u a t e  t h e  e f f e c t  of cosmic r a d i a t i o n  o r  even d e t e c t  i t s  e f f e c t  on t i s s u e .  

l o g i c a l  e f f e c t  of cosmic r a d i a t i o n  [26,31,331. 

One of t he  

.. 
* Tne a u t h o r s  concluded t h a t  t h i s  nethod is  inadequate  f o r  t h e  s tudy  of t h e  bio- 

Mammalian and human t i s s u e  (usua l ly  s k i n )  in v i t ro  w a s  a l s o  f r equen t ly  ex- 
posed on ba l loons .  
done a t  the same t i m e ,  us ing  g r a f t s  impregnated wi th  photoemulsions by Eugster 's  
1341 and Schaefer ' s  [35] method. In some cases t h e  s k i n  g r a f t s  were r e g r a f t e d  

Topica l  record ing  of cosmic r a d i a t i o n  e f f e c t s  w a s  u sua l ly  /142 
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onto t h e  donors [28,34,36-411. The method of photoemulsion-impregnated s k i n  
g r a f t s  provided an adequate count of t h e  number of cosmic ray  p a r t i c l e s  pass ing  
through t h e  g r a f t s .  However, it d i d  n o t  c l a r i f y  t h e  s p e c i f i c  b i o l o g i c a l  e f f e c t  

noted w a s  d i f f i c u l t  t o  expla in .  
t a l  material on ba l loons  and h i s  con t ro l s  i n  a tunnel  o r  a t  t h e  summit of t h e  
Jungfrau,  found f l i g h t  t o  have a s t imu la t ing  e f f e c t  on c e l l u l a r  a c t i v i t y  of t h e  
g r a f t s  [41]. 

: of t h e  heavy component of cosmic r ad ia t ion .  I n  some experiments t h e  e f f e c t  
For example, Eugster ,  who p laced  h i s  experimen- 

: 

I n  the opinion of i n v e s t i g a t o r s  conducting ba l loon  experiments ,  Chase's 
[42] method of record ing  t h e  depigmentized h a i r s  of b l ack  m i c e  (C57bl l i n e )  w a s  
t h e  most success fu l .  
t h e  experimental  and c o n t r o l  material [28,29,31-33,42-441. On t h e  b a s i s  of t h e  
n a t u r e  of the e f f e c t  and t h e  ce l l  mechanism of pigment formation,  Chase f e l t  
t h a t  a s i n g l e  heavy p a r t i c l e  can adversely a f f e c t  50 cel ls  o r  more. 
no ted ,  however, t h a t  a l l  b l ack  mice have some depigmentized h a i r s ,  which in-  
crease i n  number wi th  age. 
f u r t h e r  checking and confirmation.  

This  method always y i e lded  a n o t i c e a b l e  d i f f e r e n c e  between 

It should b e  

Chase himself [44]  f e e l s  t h a t  h i s  d a t a  r equ i r ed  

Emulsion s imula to r s  of l i v i n g  tissues (phantoms), developed by Yagoda, were 

It w a s  noted t h a t  t h e  frequency of heavy p a r t i c l e  t r a c k s  in- 
of d e f i n i t e  importance f o r  e s t ima t ing  cosmic r a d i a t i o n  doses absorbed dur ing  
ba l loon  f l i g h t s .  
creases exponen t i a l ly  wi th  a decrease  of atmospheric depth [30,45,46].  

On many f l i g h t s  eggs of t h e  dwarf shrimp Artemia salina were used. Sur- 
v ival  rate of the eggs w a s  determined. I n  many cases t h e  experiments were 
backed up by photoemulsion c o n t r o l  [30-34,36,37,40]. Death of t h e  eggs due t o  
d i r e c t  bombardment by heavy cosmic ray  par t ic les  w a s  noted several t i m e s .  
Eugs te r ' s  experiments [36] y i e l d e d  t h e  fol lowing r e s u l t s :  a f t e r  f l i g h t  [28-30 
km] t h e  egg dea th  rate reached 100%; compared wi th  91% f o r  t h e  underground con- 

of t h e s e  d a t a ,  i t  is  d i f f i c u l t  t o  agree  t h a t  a s i g n i f i c a n t  p a r t  of t h e  e f f e c t  
w a s  due t o  cosmic r a d i a t i o n .  
mina t ion  and growth dynamics of r a d i s h  seeds [28,29,40]. 
which b a r l e y  seeds  (280 seeds)  were exposed f o r  48 h r  a t  an a l t i t u d e  of 30-32 km 
(on two success ive  f l i g h t s )  r e s u l t e d  i n  increased  s t e r i l i t y ,  a smaller number 
of ears and f e w e r  g ra ins  t o  t h e  ear, and t h e  appearance of ch lo rophy l l  mutants. 
The data on the la t te r  are n o t  s t a t i s t i c a l l y  r e l i a b l e .  
w e r e  analyzed i n  t h e  f i r s t  t o  f i f t h  generat ions.  
h i t s  i n t o  t h e  c e n t e r  of the g r a i n  and 18 marginal  h i t s  w e r e  counted. It i s  in-  
t e r e s t i n g  that t h e  i n c r e a s e  i n  s t e r i l i t y  of t h e  g r a i n  a f t e r  heavy p a r t i c l e  pen- 
e t r a t i o n  w a s  less s i g n i f i c a n t  than t h a t  no ted  a f t e r  p e n e t r a t i o n  by y-rays 
[ 47-49 3 .  

One of 

trols (Simpion tuniieij  an4 47; for t he  c ~ r ; t r o l s  tho  _.A_ n g r t h ' g  I clrrfapp.  ------_ In v i e w  

No f l i g h t  e f f e c t  could b e  discovered i n  t h e  ger- 
An experiment i n  

A t o t a l  of 8539 p l a n t s  
Twenty-five heavy p a r t i c l e  

S e v e r a l  3aPloon a t c d i e s  were -de with nelx-ospora ( con id ia  and paper  sa tu-  
r a t e d  w i t h  spo res )  and o r thop te ran  sperm and egg ce l l s  [50-521. The experi-  
ments w i t h  neurospora usua l ly  showed a p o s i t i v e  e f f e c t  [30,33,511. 
b e  noted  that  no d e t a i l e d  d e s c r i p t i o n  of experiments on t h e s e  o b j e c t s  exists i n  
t h e  available l i t e r a t u r e .  

It should 

I n  a l l  p r o b a b i l i t y  they were n o t  completed. 

P o l i o m y e l i t i s  v i r u s ,  T4 phage, and PeniciZZiwn roqueforti spores  exposed 1143 
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on a ba l loon  (34 km, 6 hr) w i t h  minimum cosmic r ay  s h i e l d i n g  (38 pm A l )  showed 
no changes i n  s u r v i v a l ,  v i ru l ence ,  o r  b a c t e r i o s t a t i c  a c t i v i t y  153-541. 

Su l l ivan  and Thompson exposed unprotected i n s e c t  eggs a t  an a l t i t u d e  of 
about 1 5  km. 
A t  t h e  same t i m e ,  t h e  eggs of Malacosoma mnericanwn survived [551. 
cal  changes were observed a f t e r  landing  i n  domestic f l i e s  and f l e a s  which had 
been i n  t h e  ba l loon  gondola [56].  

The eggs of Prodenia ornithogalli d ied ,  presumably from t h e  co ld .  
N o  b io log i -  

I n  1959, P ipkin  and Su l l ivan  [57], t e s t i n g  M U l l e r ' s  i d e a  t h a t  t h e  heavy 
cosmic ray  component must p r imar i ly  induce chromosome and n o t  gene mutat ions 
[58] ,  used 10,761 DrosophiZa larvae i n  a s u i t a b l e  ba l loon  experiment. The 
f l i g h t  l a s t e d  1 6  h r  a t  a n  a l t i t u d e  of 24 km. The method permi t ted  an a l t e r n a t e  
count of gene and chromosome mutations a r i s i n g  i n  a s i n g l e  gene t i c  system. 
There were no d i f f e r e n c e s  i n  t h e  r a t i o  of t h e  two types of mutations.  However, 
t h e  i n v e s t i g a t o r s  f e l t  t h a t  developing l e t h a l  chromosome mutat ions may have es- 
caped obse rva t ion  wi th  t h i s  method. 

I n  another  experiment [59] male Drosophila w e r e  flown f o r  12 h r  a t  an a l t i -  
tude  of 30 km; t h e  dose of cosmic r a d i a t i o n  w a s  0.25 mrad. The frequency of 
r e c e s s i v e  l e t h a l s  i n  t h e  experimental  f l i e s  increased ,  b u t  t h i s  i n c r e a s e  w a s  
s t a t i s t i c a l l y  u n r e l i a b l e  and no t r ans loca t ions  w e r e  observed; a t  t h e  t i m e ,  t h e  
frequency of induced dominant l e t h a l s  was about  10%. The e f f e c t  disappeared 
a f t e r  9 days ,  t h a t  i s ,  w i t h  t h e  onse t  of spermatogonia sepa ra t ion .  
be noted that  a f t e r  f l i g h t  t h e  males were bred i n d i v i d u a l l y  and t h e  copula t ions  
recorded.  
ment of the dominant l e t h a l s  w a s  caused by cosmic r a d i a t i o n .  

It should 

Never the less ,  i t  i s  d i f f i c u l t  t o  ag ree  w i t h  t h e  au tho r s  t h a t  develop- 

Experimental  and c o n t r o l  specimens revea led  no d i f f e r e n c e s  i n  e i t h e r  c e l l  
s u r v i v a l  o r  chromosome a b e r r a t i o n s  when mono-layer c e l l  c u l t u r e s  of mammalian 
arid FluKGn c+ L133ucU --..a- r rnro WCILL expcsec! CII h i l l n n n s  C60-611. 

The only  ba l loon  experiment on l i v i n g  mammals us ing  genet ic  r e sea rch  meth- 
ods gave n e g a t i v e  r e s u l t s  [62] .  
24 hr a t  an a l t i t u d e  of 24-33 km. No d i f f e rences  w e r e  observed between t h e  ex- 
per imenta l  and c o n t r o l  animals wi th  respect t o  f e r t i l i t y ,  fecundi ty ,  cytology 
of t h e  gonads, t h e  gametogenic cyc le ,  o r  longevi ty .  

Mice (35 males and 54 females) w e r e  flown f o r  

I n  the gene t i c  experiments conducted on ba l loons ,  t h e  emphasis was  on s tudy  
of t h e  e f f e c t i v e n e s s  of cosmic r ad ia t ion .  The fo l lowing  genera l  statement may 
be  made concerning t h e s e  inves t iga t ions .  
w a s  i n s i g n i f i c a n t  i n  abso lu t e  terms, whether o r  n o t  t h e  d i f f e r e n c e  between ex- 
pe r imen ta l  and c o n t r o l  specimens w a s  s t a t i s t i c a l l y  r e l i a b l e .  Thus, upper at-  
mosphere f l i g h t s  p re sen t  no genet ic  hazard provided very  l a r g e  popula t ions  are 
LLV involved .  

A s  a r u l e  t h e  gene t ic  e f f e c t  ( i f  any) 

n - 4 -  

B i o l o g i c a l  dosimetry by genet ic  methods of cosmic r a d i a t i o n  under t h e s e  
c o n d i t i o n s  i s  excep t iona l ly  complex because t h e  doses encountered approximately 
co inc ide  w i t h  t h e  d e t e c t i o n  threshold  of t h e  most modern r e sea rch  methods. I n  
a d d i t i o n ,  conduct ing such experiments involves  t h e  problem, no t  e a s i l y  so lved ,  
of d i s t i n g u i s h i n g  changes caused by s p e c i f i c  f l i g h t  f a c t o r s  from changes caused 
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by nonspec i f i c  f a c t o r s .  
maintenance condi t ions  f o r  experimental  and c o n t r o l  specimens, o r  by t h e  tempo- 
r a r y  exposure of t h e  experimental  series t o  uncont ro l led  condi t ions .  I n  t h e  

; experimental  material t h i s  causes,  f i r s t l y ,  i nc reased  phenotype v a r i a b i l i t y ,  
which i s  d i f f i c u l t  and a t  t i m e s  impossible t o  d i s t i n g u i s h  from genotype v a r i a b i l -  
i t y ,  and secondly,  an i n c r e a s e  i n  t r u e  gene t i c  v a r i a b i l i t y  ( f o r  example, due t o  

The la t ter  are introduced by unavoidable d i f f e r e n c e s  i n  

/144 

: temperature) .  

2. Experiments on High-Altitude Rockets - 

Considerably fewer g e n e t i c  experiments were c a r r i e d  ou t  on rocke t  f l i g h t s  
than  on ba l loons .  Moreover, t h e  emphasis of t h e s e  i n v e s t i g a t i o n s  s h i f t e d  some- 
what. 
t h e  mutagenic a c t i v i t y  of o t h e r  f a c t o r s  accompanying rocke t  f l i g h t :  v i b r a t i o n ,  
a c c e l e r a t i o n s ,  and weight lessness .  

Besides cosmic r a d i a t i o n ,  much a t t e n t i o n  w a s  g iven  t o  c l a r i f i c a t i o n  of 

I n  t h e  United States from 1946 t o  1952, "V-2" and "Aerobee" rocke t s  w e r e  
launched ca r ry ing  lower fungi ,  DrosophiZa, mice, and monkeys. However, most of 
t h e s e  launchings w e r e  unsuccessfu l  and the b i o l o g i c a l  o b j e c t s  d ied  [63-661. 
F l i g h t s  of rocke ts  car ry ing  b i o l o g i c a l  o b j e c t s  were cont inued from 1953 t o  1957 
[64,67],  b u t  f e w  g e n e t i c  s t u d i e s  w e r e  made. 

An experiment us ing  t h e  f l o u r  b e e t l e  Tribolewn castanem gave nega t ive  re- 
s u l t s  [68] .  The rocke t  f l i g h t  l a s t e d  30 min and reached an  a l t i t u d e  of 85 km. 
The s u r v i v a l  rate of t h e  b e e t l e s  (11,000 specimens),  which w e r e  i n  d i f f e r e n t  
s t a g e s  from egg t o  imago, d id  n o t  change. The number of mutat ions inc reased ,  
b u t  t h e  i n c r e a s e  w a s  s t a t i s t i c a l l y  un re l i ab le ;  however, among t h e  r e s u l t i n g  mu- 
t a t i o n s  t h e r e  occurred some n o t  previously descr ibed  [69]. Exposure t o  space  
of p o l i o m y e l i t i s  v i r u s  and T-even phages w i t h  minimum s h i e l d i n g  (38 um A l )  re- 
s~lted in slight inactivation nf the vi.ri.1~ and phages. No o t h e r  changes were 
observed [53-541. The exposure w a s  a t  a l t i t u d e s  of 80-155 km. 

The r e s u l t s  of sounding of t h e  lower r a d i a t i o n  b e l t  by a rocke t  car ry ing  
neurospora i n  P r o j e c t  NERV were inconclus ive  i n  many r e s p e c t s  [70-711. The 
rocke t  r o s e  approximately v e r t i c a l l y  t o  an a l t i t u d e  of 1900 km and remained 
w i t h i n  t h e  r a d i a t i o n  b e l t  f o r  28 min. The experimental  material showed 200 
t i m e s  more mutat ions than  t h e  con t ro l .  
t h e s e  inc luded  decrease  i n  t h e  concent ra t ion  of subs tances  necessary t o  energy 
metabolism. The low s u r v i v a l  (3.2%) of t h e  spo res  probably i n d i c a t e s  t h a t  t h e  
maintenance condi t ions  of t h e  neurospora during f l i g h t  w e r e  unfavorable .  Infor-  
mat ion on t h e  r a d i a t i o n  condi t ions  is not inc luded  i n  t h e  r epor t s .  

Phys io log ica l  dev ia t ions  a l s o  were noted;  

I n  1958-1960 b a l l i s t i c  rocke t s  car ry ing  mice and monkeys were launched i n  
the U ~ l i t e d  States. I n  sene cases t he  launchings were success fu l .  Besides t h e  
m a m m a l s ,  on some f l i g h t s  t h e  rocke ts  c a r r i e d  t h e  eggs and sperm cel ls  of sea 
u rch ins ,  y e a s t  cells, lower fung i ,  E. coli ,  onion bulbs ,  seed corn,  mustard seed ,  
and Drosophila [72-771. 
per imen ta l  o b j e c t s .  
c h i n  eggs,  b u t  t h i s  r e s u l t  w a s  later i d e n t i f i e d  as a r t e f a c t  [76].  No d e t a i l e d  
e x p o s i t i o n  of t h e  r e s u l t s  of t h e s e  experiments has  been publ ished.  

No s i g n i f i c a n t  g e n e t i c  changes w e r e  de t ec t ed  i n  t h e  ex- 
There w a s  a decrease i n  t h e  v i a b i l i t y  of f e r t i l i z e d  sea ur- 
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3. Experiments on A r t i f i c i a l  Ear th  Satell i tes , - 

The number of g e n e t i c  i n v e s t i g a t i o n s  i n  space  began t o  i n c r e a s e  r a p i d l y  
e s p e c i a l l y  a f t e r  t h e  development of recoverable  a r t i f i c i a l  earth satel l i tes .  
The very f i r s t  such o b j e c t ,  t h e  second Soviet  o r b i t a l  s p a c e c r a f t ,  might w e l l  be  

organisms, many spec ie s  being represented  by several l i n e s  o r  s t r a i n s .  
volume of experimental  material makes i t  d e s i r a b l e  t o  l i s t  t h e  experimental  ob- 
j e c t s  by taxonomic c l a s s i f i c a t i o n .  

.. 

I compared w i t h  Noah's a rk .  I t  c a r r i e d  26 spec ie s  of animals ,  p l a n t s ,  and micro-/145 
. The g r e a t  

A. Microorganisms. The m o s t  ex tens ive  i n v e s t i g a t i o n s  w e r e  those  on in-  
duced phage product ion i n  lysogenic  s t r a i n s  of E. co l i  K-12 (A) due t o  space- 
f l i g h t  f a c t o r s .  
e l l i t e  f l i g h t s  varying in dura t ion  from 1.5 hours t o  3 weeks [78-871. 
when t h e  f l i g h t  l a s t e d  more than  a day the re  w a s  a s m a l l  b u t  s t a t i s t i c a l l y  q u i t e  
r e l i a b l e  i n c r e a s e  i n  phage product ion  i n  the  experimental  material .  
c o r r e l a t i o n  between the  magnitude of t h e  e f f e c t  and t h e  d u r a t i o n  of t h e  f l i g h t  
w a s  f a r  from c o n s i s t e n t .  In  a l l  experiments i n  which t h e  e f f e c t  w a s  noted,  i t  
w a s  g r e a t e r  than would have been p red ic t ed  f o r  exposure t o  cosmic r a d i a t i o n ,  
based on t h e  doses measured i n  f l i g h t  and t h e  cha rac t e r  of t h e  dose-effect  rela- 
t ionsh ip .  The au thors  f e e l  t h a t  t h e  e f f e c t  is no t  an  ar tefact  b u t  w a s  caused by 
t h e  combined e f f e c t  of cosmic r a d i a t i o n  and o t h e r  f l i g h t  f a c t o r s .  

This  o b j e c t  w a s  exposed on more than  t e n  a r t i f i c i a l  e a r t h  sat- 
Usual ly  

However, 

I n  a d d i t i o n  t o  t h e  s tudy  of phage product ion i n  E. co l i  K-12 ( A ) ,  a research  
team headed by N. N. Zhukov-Verezhnikov conducted experiments w i t h  Aerobacter 
aerogenes 1321, E. coli, Staphy Zococcus w e u s  0-15, and CZostridiwn butp4cm. 
V i a b i l i t y  of b a c t e r i a  i n  t h e  experimental  and c o n t r o l  samples w a s  approximately 
i d e n t i c a l  [78-80, 861. The l a s t  o b j e c t  (CZ. butyricwn) w a s  flown bo th  i n  spo re  
suspens ions  and i n  bioelements.  No changes i n  v i a b i l i t y  w e r e  observed when t h e  
b a c t e r i a  w e r e  sown on a n u t r i e n t  medium during f l i g h t .  
were flown on several a r t i f i c i a l  e a r t h  satellits z x p e r h e n t ~ ~  
no e f f e c t  on t h e  number of v i a b l e  phage p a r t i c l e s  [78-801. 
a l s o  had no e f f e c t  on several s t r a i n s  of tobacco mosaic v i r u s  and g r i p p e  v i r u s  
[88-891. 

The 1321 and T-2 phages 
Space f l i g h t s  had 

Space f l igh t  f a c t o r s  

The inc idence  of biochemical  mutations i n  E. co l i  d i d  n o t  change fo l lowing  
s p a c e f l i g h t  [78,86]. However, d i s s o c i a t i v e  forms w i t h  h ighe r  m u t a b i l i t y  and 
d i f f e r e n t  biochemical  p r o p e r i t i e s  were observed i n  E. co l i  [go]. An a t tempt  t o  
induce  d i s s o c i a t i v e  t r a n s i t i o n s  i n  BaciZZus brevis, whose spores  were c a r r i e d  on 
t h e  "Voskhod" f l i g h t ,  gave nega t ive  results [91].  

U s e  o f  t h e  r a d i o p r o t e c t o r  6-mercaptopropylamine blocked induced phage pro- 
duc t ion  i n  E. coZi and a l s o  apprec iab ly  reduced spontaneous phage product ion.  
This  subs t ance  had no e f f e c t  on t h e  v i a b i l i t y  of b a c t e r i a  i n  s p a c e f l i g h t  [83,85].  

The dea th  of a cons iderable  p a r t  (up t o  50%) of y e a s t  haplo id  cel ls ,  sens i -  
t i z e d  by low concent ra t ions  of o l e i c  ac id ,  w a s  noted on t h e  f l i g h t  of t h e  orbi-  
t a l  s p a c e c r a f t  "Vostok-2". F l i g h t  had no e f f e c t  on t h e  d i p l o i d  cel ls  o r  unsen- 
s i t i z e d  h a p l o i d  cel ls  [92-931. 
1". 
l o i d  ce l l s  w e r e  cont rad ic tory :  

This t es t  w a s  repea ted  on the  f l i g h t  of "Voskhod- 
For  d i p l o i d  cells t h e  r e s u l t s  were f u l l y  confirmed, b u t  t he  r e s u l t s  f o r  hap- 

i n  one experimental  series t h e  e f f e c t  w a s  p r e s e n t  
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and i n  t h e  o t h e r  i t  w a s  absent  [94]. 
were remarkable i n  two r e spec t s .  
l o g i c a l  o b j e c t s  may b e  a u s e f u l  method of i nc reas ing  t h e  s e n s i t i v i t y  of t h e  
tests, and secondly,  i t  complicates t h e  d i f f i c u l t i e s  i n  a n a l y s i s  of any e f f e c t  
which occurs .  

The r e s u l t s  of experiments w i t h  y e a s t s  
F i r s t l y ,  they show that s e n s i t i z a t i o n  of bio- 

On a number of s p a c e f l i g h t s  (second, f o u r t h  and f i f t h  o r b i t a l  s p a c e c r a f t )  
a s tudy  w a s  made of spo re  v i a b i l i t y  and some growth c h a r a c t e r i s t i c s  of several 

on spore  v i a b i l i t y  were cont rad ic tory .  Compared t o  t h e  c o n t r o l s ,  v i a b i l i t y  of 
t he  experimental  spores  decreased i n  some s t r a i n s  b u t  increased  i n  o the r s .  A t  
t h e  same t i m e ,  t h e r e  w a s  pronounced s t imu la t ion  of mycelium growth fol lowing 
germinat ion of t h e  flown spores .  S imi la r  phenomena were later noted more than  
once i n  va r ious  p l a n t  ob jec t s .  

/146 s t r a i n s  of Actinomyces wi th  var ious  rad io  s e n s i t i v i t y  [95-961. The d a t a  - 

I n  t h e  experiment on t h e  second o r b i t a l  s p a c e c r a f t  f l i g h t  f a c t o r s  had no 
s i g n i f i c a n t  e f f e c t  on t h e  gene ra l  v i a b i l i t y  of ChZoreZZa c u l t u r e s  [97].  The le- 
t h a l i t y  of i n d i v i d u a l  FnZoreZZa cells w a s  no t  taken i n t o  account i n  t h i s  experi-  
ment. A more d e t a i l e d  g e n e t i c  s tudy  of ChZoreZZa w a s  made i n  o t h e r  s t u d i e s  [98, 
991. These experiments took i n t o  account c e l l  v i a b i l i t y ,  t h e  reproduct ion  rate, 
and t h e  inc idence  of ch lorophyl l  and morphological mutat ions i n  several s t r a i n s  
of t h r e e  s p e c i e s  of ChZoreZZa. As a r u l e ,  s p o r u l a t i o n  lagged somewhat fol lowing 
f l i g h t .  
proximately t h e  same r e s u l t s  were obtained w i t h  ChZoreZZa i n  an experiment on 

d i t i o n  t o  ChZoreZZa on "Discoverer 17". 
b a t i o n  i n  caramelized glucose more poorly.  Thei r  v i a b i l i t y  w a s  only about 30%. 
A dec rease  of t h e  v i a b i l i t y  of nonincubated spores  w a s  a l s o  noted,  b u t  t h i s  w a s  
probably a n  a r t e f a c t  caused by spore  adhesion [102]. An experiment w i t h  spores  
of CZostridiwn sporogenes and neurospora a l s o  was c a r r i e d  out  during t h e  f l i g h t  
of ' 'Discoverer 18'' [iOSj. 
cons iderably  less pronounced ( v i a b i l i t y  88%). 
f l i g h t  of "Discoverer 17" took p l a c e  during a s o l a r  f l a r e  and t h e  b i o l o g i c a l  ob- 
jects on board rece ived  a dose of 20-33 rad ,  l a r g e l y  accounted f o r  by pro tons .  

A f t e r  repea ted  f l i g h t s  mutation frequency showed a s l i g h t  increase .  Ap- 

Discoverer  17" [ 100-1011. Spores of CZostridiwn sporogenes w e r e  c a r r i e d  i n  ad- 
The experimental  spores  wi ths tood  incu- 
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r r  Tjje e r r e c t  ui inciibation i n  carz~elizec! glncnse w a s  
It w i l l  b e  r e c a l l e d  t h a t  t h e  

B. Higher p l a n t s .  A l a r g e  number of s t u d i e s  were made dur ing  a r t i f i c i a l  
e a r t h  s a t e l l i t e  f l i g h t s  w i t h  dry seeds  of va r ious  h ighe r  p l a n t s .  I n  most of 
t h e s e  experiments t h e  seeds  were caused t o  germinate  a f t e r  t h e  r e t u r n  of t h e  
a r t i f i c i a l  e a r t h  sa te l l i t e  and determinat ion w a s  made of t h e  frequency of vari- 
ous types  of  chromosome rearrangements i n  primary r o o t s  and a t  growth po in t s .  
I n  some cases t h e  m i t o t i c  index w a s  determined. 

B. S idorov  and N. Sokolov [104,105], working w i t h  AZZiwn fistuzoswn L. and 
NigeZZa, which are very d i f f e r e n t  i n  r a d i o s e n s i t i v i t y ,  found no d i f f e r e n c e s  be- 
tween exper imenta i  seeds  c a r r i e d  aboard ths  seccnd 2nd f l f t h  o r b i t a l  s p a c e c r a f t  
and "Vostok-1" and t h e  con t ro l s .  The use i n  t h e  experiments of wet ted seeds  and 
seed  s p r o u t s  w i th  a r a d i o s e n s i t i v i t y  20-30 times g r e a t e r ,  w a s  a l s o  of no he lp  i n  
d e t e c t i n g  a g e n e t i c  effect. I n c i d e n t a l l y ,  an  e f f e c t  of s t i m u l a t i o n  of t h e  genn- 
i n a t i o n  p rocess  and of germinat ion energy, p a r t i c u l a r l y  clear i n  t h e  r ad io res i s -  
t a n t  NigeZZa, w a s  observed when t h e  seeds were caused t o  germinate.  
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I n  s t u d i e s  using d i p l o i d  and t e t r a p l o i d  buckwheat there were l ikewise  no 

The i n c i -  
I d i f f e rences  between experimental  and con t ro l  specimens [ 1061. This o b j e c t  w a s  

c a r r i e d  aboard "Vostok l", "Vostok 2", "Vostok 3", and "Vostok 4".  

fol lowing a 11 /2 -hour  space  f l i g h t  [107]. 

I 
I . dence of chromosome a b e r r a t i o n s  i n  v i o l e t  s t o c k  ( g i l l y f l o w e r )  showed no i n c r e a s e  
I 

Contradictory d a t a  were obta ined  on chromosome rearrangements i n  wheat and 
several varieties of peas ,  which were used i n  a cons iderable  number of experi-  
ments [ 95-96,1081. In' t h r e e  cases , s t a t i s t i c a l l y  r e l i a b l e  d i f f e r e n c e s  between 
experimental  and c o n t r o l  specimens were observed i n  wheat, b u t  i n  s i x  cases 
t h e r e  were no d i f f e r e n c e s  o r  they were s t a t i s t i c a l l y  u n r e l i a b l e .  
peas ,  s t a t i s t i c a l l y  r e l i a b l e  inc reases  of t h e  inc idence  of chromosome a b e r r a t i o n s  
were observed i n  f o u r  ou t  of t e n  cases. There w a s  no c o r r e l a t i o n  between the /147 
d u r a t i o n  of f l i g h t  and t h e  presence  of a g e n e t i c  e f f e c t  i n  t h e  case of e i t h e r  
b i o l o g i c a l  ob jec t .  A t  t h e  same t i m e ,  chromosome-type a b e r r a t i o n s  predominated 
i n  t h e  experimental  material, wh i l e  most of t h e  a b e r r a t i o n s  i n  t h e  c o n t r o l s  were 
of t h e  chromatid type,  as should b e  t r u e  f o r  t h e  spontaneous mutat ion process .  
M i t o t i c  index  d a t a  are a l s o  cont rad ic tory :  
c reased  and i n  o t h e r  cases i t  decreased. Some experiments showed an i n t e n s i -  
f i c a t i o n  of seed  germinat ion energy although t h e  m i t o t i c  index remained cons tan t .  
Thus, s p a c e f l i g h t  poss ib ly  s t i m u l a t e s  p l a n t  growth n o t  only by i n t e n s i f y i n g  t h e  
rate of ce l l  d i v i s i o n ,  b u t  a l s o  by increas ing  c e l l  volume. 

I n  t h e  case of 

i n  some cases t h e  m i t o t i c  index  in- 

I n  a d d i t i o n  t o  seeds  of wheat and peas,  similar p o s t f l i g h t  s t u d i e s  w e r e  
made on t h e  seeds  of c a r r o t ,  bean, p ine ,  cucumber, tomato, l e t t u c e ,  and mustard,  
c a r r i e d  on several f l i g h t s  [99,109-1101. General ly  speaking,  a p o s t - f l i g h t  in- 
crease i n  t h e  inc idence  of chromosome rearrangements w a s  noted i n  almost a l l  
s p e c i e s  s t u d i e d .  However, t h e  e f f e c t  w a s  s m a l l  i n  a b s o l u t e  terms and t h e r e f o r e  
w a s  seldom s t a t i s t i c a l l y  r e l i a b l e .  
exper imenta l  and c o n t r o l  series. The maximum e f f e c t  w a s  observed i n  c a r r o t  and 
tomato seeds. I n  the car ro t  seeds the percentzge of izlduced z b e r r a t i m s  vas 
more than  5%; i n  the tomato seeds  i t  w a s  about  4%. It is  noteworthy t h a t  t h e r e  
is  no c o r r e l a t i o n  e i t h e r  between magnitude of e f f e c t  and f l i g h t  du ra t ion  o r  be- 
tween magnitude of t h e  e f f e c t  and r a d i o s e n s i t i v i t y  of t h e  p l a n t  spec ie s .  I n  
t h e s e  s p e c i e s ,  as i n  wheat and peas ,  t h e  g e n e t i c  e f f e c t  w a s  a t t r i b u t a b l e  t o  
crease i n  chromosome rearrangements.  The inc idence  of chromatid rearrangements 
i n  t h e  experiment and c o n t r o l  specimens w a s  a lmost  i d e n t i c a l .  

About 100 cells were usua l ly  analyzed i n  t h e  

S t u d i e s  of t h e  effect  of s p a c e f l i g h t  f a c t o r s  on t h e  germinat ion,  sp rou t ing ,  
and i n t e n s i t y  of development of t h e  seeds of d i f f e r e n t  p l a n t s  are of consider- 
a b l e  i n t e r e s t  [99,109,111]. Appropriate  experiments were made during t h e  f l i g h t s  
of "Vostok 3", "Vostok 4",  "Vostok 5" and "Vostok 6". I n  many spec ie s  t h e  ex- 

i n h i b i t i o n  w a s  observed. 
b u t  t h e  exper imenta l  r e s u l t s  i n d i c a t e  t h a t  s p a c e f l i g h t  f a c t n r s  idirec?LL>~ af fec t  
t h e  p rocesses  of c e l l  d i v i s i o n ,  which a r e  inseparably  connected wi th  chromo- 
some behavior .  Histochemical s t u d i e s  revealed no changes i n  t h e  concentra- 

. t i o n  of p r o t e i n s ,  f a t s ,  s t a r c h ,  and ind iv idua l  amino ac ids .  I n  cases where 
growth s t i m u l a t i o n  occurred t h e r e  w a s  an i n c r e a s e  i n  a sco rb ic  a c i d  concent ra t ion  
and r e d u c t i o n  enzyme a c t i v i t y  [99,109,1111. 

I per imen ta l  specimens mani fes ted  s t imu la t ion  of t h e  i n d i c e s ,  b u t  i n  s e v e r a l  cases 
I n  these  experiments a nongenet ic  e f f e c t  w a s  discovered,  

8 



I n  several experiments sp ind le - t r ee  seeds  w e r e  exposed t o  pre l iminary  p r a y  
i r r a d i a t i o n  [112]. An a d d i t i v e  e f f e c t  was observed, t h a t  i s ,  t h e  pre l iminary  
i r r a d i a t i o n  and space  f l i g h t  f a c t o r s  independently a f f e c t e d  t h e  inc idence  of 
chromosome rearrangements.  
f e r ences  between experimental  and con t ro l  specimens of i n t a c t  sp ind le - t r ee  seeds.  

: The f l i g h t  of "Vostok 5" a l s o  showed r e l i a b l e  d i f -  

w e r e  conducted ex tens ive ly  on a r t i f i c i a l  e a r t h  s a t e l l i t e  f l i g h t s .  
dence of recessive l e t h a l  mutat ions i n  t h e  sex  chromosome of males w a s  de te r -  

The i n c i -  

H. C u r t i s  and H. Smith determined the  inc idence  of somatic  ch lo rophy l l  muta- 
I t i o n s  i n  corn flown on "Discoverer 32" (27 hours)  and on a secret sa te l l i t e  (50 

hours)  [113]. The experiment w a s  backed up byaphotoemuls ion  con t ro l .  There 
w a s  a s m a l l  b u t  s t a t i s t i c a l l y  r e l i a b l e  inc rease  i n  mutat ion frequency , which 
agreed w i t h  t h a t  p red ic t ed  from computed da ta .  
method is noteworthy, s i n c e  mutat ion frequency increased  by only 0.01-0.001 p e r  
l e a f  and t h i s  i n c r e a s e  w a s  s u c c e s s f u l l y  r e g i s t e r e d .  

The h igh  r e s o l u t i o n  of t h i s  

Much material is now a v a i l a b l e  on the e f f e c t  of s p a c e f l i g h t s  on chromosome 
rearrangements and a l s o  on t h e  m i t o t i c  process  and growth processes  i n  micro- /148 
spores  of Tradescantia paZudosa (spiderwort) .  Appropriate  experiments were con- 
ducted on t h e  f l i g h t s  of t he  satellites "Vostok 3", "Vostok 4", "Vostok 5", 
"Vostok 6" and "Voskhod". Cosmonauts P. Popovich, V. Bykovskiy and B. Yegorov 
took active p a r t  i n  t h e s e  experiments [99,114-1211. I n  a l l  t h e  experiments con- 
ducted w i t h  methodological co r rec tness ,  c y t o l o g i c a l  a n a l y s i s  showed inc reased  
inc idence  of chromosome rearrangements,  t h e  appearance of anomalous mi toses ,  
and impairment of growth processes .  The experimental  condi t ions ,  t i m e s  of f i x -  
i n g  t h e  material, and t h e  r e s u l t s  obtained w e r e  r e l a t e d  i n  such a way as t o  
cause t h e  i n v e s t i g a t o r s  t o  conclude t h a t  chromosome rearrangements are p r i n c i -  
p a l l y  due t o  f a c t o r s  opera t ing  during the launch and re-entry of t h e  a r t i f i c i a l  
e a r t h  sa te l l i te .  
growth processes  are most probably caused by weight lessness  o r  the combined ef- 
f e c t  of weight lessness  and cosmic r ad ia t ion .  However, t h e  i n v e s t i g a t o r s  do no t  
cons ider  e i t h e r  hypothes is  t o  b e  conclusively proven. 

The appearance of anomalous mi toses  and t h e  impairment of 

The experimental  material displayed a new type of chromosome a b e r r a t i o n  
n o t  occur r ing  a f t e r  exposure t o  ion iz ing  r a d i a t i o n s .  These a b e r r a t i o n s  c o n s i s t  
of s p h e r i c a l  fragments resembling nuc leo l i ;  they are  probably formed by t h e  ad- 
hes ion  of several fragments i n t o  a s i n g l e  u n i t .  
i n  a l l  s t a g e s  of t h e  c e l l  cycle .  

Sphe r i ca l  fragments are found 
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Cytologica l  a n a l y s i s  of t h e  chromosomes of t h e  s a l i v a r y  glands w a s  made when mu- 
t a t i o n  inc idence  increased  and showed them t o  b e  p o i n t  mutations.  
of DrosophiZa a t  d i f f e r e n t  s t a g e s  (eggs,  larvae, imago) d i d  n o t  i n f l u e n c e  the 

amine had no e f f e c t  on the inc idence  of mutations [127]. 

The exposure 

: n a t u r e  of t h e  e f f e c t  [126,127]. The u s e  of the rad iop ro tec to r  5-methoxytrypt- 

With r e s p e c t  t o  primary nonseparat ion of sex chromosomes i n  female Drosoph- 
iZa, r e l i a b l e  d i f f e r e n c e s  between experimental  and c o n t r o l  specimens were ob- 
t a ined  i n  two cases. 
periment.  I n  s t i l l  another  experiment no d i f f e r e n c e s  w e r e  noted. Again, €or  
t h i s  test t h e  c o r r e l a t i o n  between the observed e f f e c t  and du ra t ion  of f l i g h t  i s  
a t  least e x t e r n a l l y  nega t ive .  The maximum e f f e c t  w a s  observed on t h e  f l i g h t  of 
"Vostok 1" (dura t ion  1.5 hr) and t h e  minimum w a s  observed f o r  t h e  f l i g h t  of 
"Vostok 3" (dura t ion  96 h r ) .  This r e l a t i o n s h i p  renders  improbable even a cau- 
t i o u s  assumption t h a t  nonsepara t ion  of chromosomes is induced by weight lessness  
[123,128]. I n  making these experiments the au thor s  noted two i n t e r e s t i n g  pecu- 
l iari t ies:  the e f f e c t  d i d  n o t  depend on t h e  s t a g e  of gametogenesis, and t h e  
male-to-female sex r a t i o  obta ined  w a s  t h a t  c h a r a c t e r i s t i c  of spontaneous nonsep- 
a r a t i o n  of chromosomes. 

Nearly r e l i a b l e  d i f f e rences  w e r e  ob ta ined  i n  another  ex- 

E igh t  experiments w e r e  c a r r i e d  o u t  t o  determine t h e  inc idence  of dominant 1149 
l e t h a l  mutat ions i n  the gametes of male DrosophiZa fo l lowing  s p a c e f l i g h t  [123, 
129,1301. In three of them two l i n e s  of DrosophiZa were used, and i n  n i n e  cases 
m u t a b i l i t y  w a s  analyzed s e p a r a t e l y  a t  the  sperm matura t ion  and spermatid-sperma- 
t o c y t e  s t a g e s .  The most s i g n i f i c a n t  r e s u l t s  of t h e s e  experiments are as f o l -  
lows: 
the experiments;  t h e r e  w a s  no c o r r e l a t i o n  between t h e  magnitude of t h e  e f f e c t  
and f l i g h t  du ra t ion ;  the frequency of lethals i n  t h e  l i n e  w i t h  h i g h  m u t a b i l i t y  
w a s  somewhat less than  i n  t h e  l i n e  w i t h  low m u t a b i l i t y ;  i n  the spermatids-sperma- 
t o c y t e s  the e f f e c t  w a s  more pronounced than i n  n a t u r e  s p e m .  Based on a d d i t i o n a l  
l a b o r a t o r y  experiments [123,129,131] i t  w a s  concluded t h a t  the obsserved effect  
w a s  due t o  decreased f e r t i l i t y  of the males caused mainly by nonspec i f i c  space- 
f l i g h t  f a c t o r s .  
a p p r e c i a b l e  inc idence  of mutat ions of the  dominant l e t h a l  type occurred dur ing  
s p a c e f l i g h t  . 

t h e  percentage  of induced dominant l e t h a l s  w a s  p o s i t i v e  and s m a l l  i n  a l l  

There is no adequate  b a s i s  f o r  assuming that induc t ion  of an 

A h i g h  egg m o r t a l i t y  fol lowing s p a c e f l i g h t  w a s  observed i n  experiments u s ing  
However, th is  e f f e c t  w a s  v i r t u a l l y  nonex i s t en t  i n  cases female DrosophiZa [130]. 

when t h e  females w e r e  cross-bred p r i o r  t o  launch. Thus, i n  t h i s  case  a l s o  the 
r e s u l t  w a s  n o t  caused by induced dominant le thals ,  b u t  r a t h e r  by impaired sperm 
u t i l i z a t i o n ,  which i n v e s t i g a t o r s  f e e l  was due t o  temperature  shocks. 

A f o u r t h  type  of g e n e t i c  change observed i n  DrosophiZa fo l lowing  s p a c e -  
f l i g h t s  w a s  c ros s ing  over  i n  t h e  germ c e l l s  of males [123,132]. A s t a t i s t i c a l l y  
r e l i a b l e  effect  w a s  observed i n  one experiment ou t  of three. Absmce of any ef- 
f e c t  i n  two f l i g h t s  may b e  a t t r i b u t e d  t o  t h e  f a c t  t h a t  i n  ana lyz ing  t h e  gametes, 
t h e  s t a g e  of late spermatogonia,  i n  which c ross ing  over occurs  i n  males most 
f r e q u e n t l y ,  w a s  overlooked. Laboratory i n v e s t i g a t i o n s  showed t h a t  c ros s ing  over 
may b e  induced i n  m a l e  DrosophiZa by low-frequency v i b r a t i o n  [133]. 

. 

On the f l i g h t s  of "Vostok 3" and "Vostok 4" t h e  cosmonauts c rossbred  v i r g i n  
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female DrosophiZa wi th  males a f t e r  the  s a t e l l i t e s  w e r e  pu t  i n t o  o r b i t  [126]. 
These experiments showed t h a t  copula t ion ,  egg l a y i n g ,  embryo and l a r v a l  develop- 
ment of Drosophila may occur normally under cond i t ions  of we igh t l e s sness .  The 
appearance of morphoses w a s  noted,  bu t  t h e i r  c h a r a c t e r  w a s  nonspec i f i c  and t h e  
d i f f e r e n c e  i n  inc idence  from t h e  con t ro l s  w a s  no t  s t a t i s t i c a l l y  r e l i a b l e .  I n  
t h i s  connect ion i t  should be  mentioned t h a t  no anomalies i n  embryo development 
were de tec t ed  fo l lowing  exposure of horse  a s c a r i d  eggs on a r t i f i c i a l  e a r t h  sat- 
e l l i tes  [ 1341. 

Cytogenet ic  experiments w i th  mice were conducted on t h e  f l i g h t s  of t h r e e  
a r t i f i c i a l  e a r t h  satell i tes,  t h e  second, f o u r t h  and f i f t h  o r b i t a l  s p a c e c r a f t .  
Af t e r  landing  t h e  inc idence  of chromosome rearrangements i n  bone marrow and 
s p l e e n  w a s  determined. I n  t h e  f i r s t  two experiments a s t a t i s t i c a l l y  r e l i a b l e  
e f f e c t  w a s  %ound, whi le  i n  t h e  t h i r d  t h e r e  w a s  no e f f e c t  [135-1381. The e f f e c t  
w a s  d i s t i n g u i s h e d  by i ts  g r e a t  p e r s i s t e n c e  and by t h e  almost complete fragmenta- 
t i o n  of t h e  chromosomes. The n a t u r e  of the  damage i n d i c a t e d  t h a t  i t  w a s  proba- 
b l y  caused by,  adhesion and subsequent i n c o r r e c t  s e p a r a t i o n  of t h e  chromosomes , 
r a t h e r  than  by chromosome breakage. 
exposed t o  v ib ' ra t ion  [ 138-1421. 

A similar e f f e c t  occurs  when animals are 

I n  experiments  on c u l t u r e s  of normal and p a t h o l o g i c a l  human c e l l s  (He-La 
c lones ,  f i b r o b l a s t s ,  and human amniotic c e l l s ) ,  which w e r e  c a r r i e d  ou t  dur ing  
t h e  f l i g h t s  of t h e  second, f o u r t h  and, f i f t h  o r b i t a l  s p a c e c r a f t  and on "Vostok l", 
"Vostok 2",  "Vostok 4" and V o s t o k  6", the  cells i n  t h e  monolayer c u l t u r e s  on 
g l a s s  w e r e  i n t a c t  and cel l  capac i ty  t o  grow and reproduce w a s  unimpaired on re-1150 
t u r n  t o  normai cona i t ions .  
changes occurred.  Chromosome abe r ra t ions  w e r e  n o t  counted i n  these  experiments 
[78-79,85-861. 
t h e  v i a b i l i t y  and h e a l i n g  rate of human and r a b b i t  s k i n  a u t o t r a n s p l a n t s  follow- 
i n g  exposure t o  space  w e r e  s tud ied .  
r e t a i n  v F a b i i i t y  [78-79,88-89]. 

I n  a number of experiments some immunobiological 

I n  several experiments on Sov ie t  a r t i f i c i a l  e a r t h  sa te l l i t es ,  

The d a t a  obta ined  i n d i c a t e  t h a t  s k i n  g r a f t s  

Experiments conducted on t h e  a r t i f i c i a l  e a r t h  satel l i tes  "Discoverer 17" 
and "Discoverer 18" showed an  a c t i v i t y  inc rease  i n  antigen-antibody r e a c t i o n s  
similar t o  that caused by chemical mutagens o r  i o n i z i n g  r a d i a t i o n  [143-1441. 
However, the i n v e s t i g a t o r s  w e r e  a b l e  t o  evoke a similar e f f e c t  by exposure t o  
v i b r a t i o n s .  Cells of va r ious  human t i s s u e s  -- t h e  amnion, conjunct iva ,  synov ia l  
s h e a t h ,  bone marrow, leukemic monocytes, embryo lung -- w e r e  exposed on t h e s e  
same a r t i f i c i a l  e a r t h  satellites i n  monolayer c u l t u r e s .  Poor maintenance condi- 
t i o n s  caused degenera t ion  and ,dea th  of a cons ide rab le  p a r t  of t h e  c e l l s  i n  bo th  
t h e  exper imenta l  and c o n t r o l  ma te r i a l .  The experimental  material d isp layed  mul- 
t i p o l a r  mi toses ,  hap lo id ,  po lyplo id ,  and aneuploid n u c l e i ,  and fragmented and 
d i c e n t r i c  chromosomes, b u t  t h e  au thor  gives no numerical  d a t a  on t h e s e  phenomena 
[ 145-146 1. 

Analys is  of c u l t u r e s  of b r a i n  c e l l s  from 10-day o l d  chicken embryos, exposed 
t o  space on  "Discoverer 18", showed t h a t  ce l l  v i a b i l i t y  i n  t h e  material which 
w a s  only t r a n s p o r t e d  t o  t h e  launch s i t e  w a s  lower than i n  t h e  material which had 
been flown [147]. 
i n  t h e  pre launch  per iod .  

This w a s  apparent ly  due t o  inadequate  maintenance condi t ions  
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A r e f i n e d  cy togene t i c  experiment w a s  conducted on a leukocyte  c u l t u r e  from 
p e r i p h e r a l  blood exposed i n  V i v o  and i n  V i t r o  dur ing  t h e  f l i g h t  of "Gemini 3" 
[148-1501. Cul tures  of leukocytes  flown on t h e  sa te l l i te  and l e f t  behind a t  t h e  

: launching pad were exposed t o  B-irradiat ion i n  doses up t o  180 rad.  I n  t h e  ex- 
per imenta l  c u l t u r e s  t h e  inc idence  of two-hit chromosome a b e r r a t i o n s  ( r i n g s  and 
d i c e n t r i c s )  w a s  twice as g r e a t  as i n  t h e  c o n t r o l s .  The inc idence  of one-hi t  

,- a b e r r a t i o n s  (chrosome and isochromatid d e l e t i o n s )  w a s  approximately t h e  same. 
I n  t h e  experiment i n  vivo, i .e . ,  w i th  pre- and p o s t - f l i g h t  examination of t h e  
a s t r o n a u t s ,  the  inc idence  of a l l  types of a b e r r a t i o n s  w a s  i d e n t i c a l .  To b e  s u r e ,  
t h e  experiment i n  vivo w a s  made wi thout  a d d i t i o n a l  i r r a d i a t i o n .  The experimental  
r e s u l t s  show t h a t  we igh t l e s sness  does not  i n i t i a t e  chromosome a b e r r a t i o n s  , b u t  
does a f f e c t  the course of t h e  pre-ex is t ing  a b e r r a t i o n s ,  t ending  t o  i n c r e a s e  t h e  
number of reunions due t o  chromosome r e s t i t u t i o n .  

The r e s u l t s  of g e n e t i c  i n v e s t i g a t i o n s  dur ing  t h e  f l i g h t s  of a r t i f i c i a l  earth 
satell i tes may b e  summarized as follows. 
t i s s u e  c u l t u r e s  ( n o n i r r a d i a t e d ) ,  phages and v i r u s e s ,  some b a c t e r i a ,  dry seeds ,  
and some s p e c i e s  of p l a n t s  - n o t  a s i n g l e  f l i g h t  produced s i g n i f i c a n t  d i f f e r e n c e s  
between exper imenta l  and c o n t r o l  specimens. I n  o t h e r  experiments ,  f o r  example, 
t hose  on wheat, peas ,  DrosophiZa and mice, t h e  r e s u l t s  are con t r ad ic to ry .  Fol- 
lowing some f l i g h t s  a p e r f e c t l y  r e l i a b l e  g e n e t i c  e f f e c t  w a s  observed, whi le  f o l -  
lowing o t h e r s  i t  was absent .  Futhermore, no r e l a t i o n s h i p  w a s  observable  between 
the magnitude of t h e  e f f e c t  on t h e  one hand, and t h e  du ra t ion  of t h e  f l i g h t  on 
t h e  o t h e r .  I n  t h e  t h i r d  group of ob jec t s  and tests, p a r t i c u l a r l y  those  involv-  
i n g  phage product ion  i n  E. cozi, and a l s o  chromosome rearrangements and m i t o t i c  
d i s t u r b a n c e s  i n  Tradescantia, t h e  r e s u i r s  w e r e  uuLe uc L z i z  .;;=if=:., ne-+ ++:no 

t h e  i n v e s t i g a t o r s  t o  make a pre l iminary  causa l  a n a l y s i s  of t h e  d a t a  obtained.  
F i n a l l y ,  it is  p o s s i b l e  t o  d i s t i n g u i s h  a f o u r t h  group of o b j e c t s  which showed 
a c l e a r  g e n e t i c  e f f e c t  i n  response t o  s p e c i f i c  r e sea rch  methods [113,148-1501. /151 
These experiments ,  however, w e r e  only made on s i n g l e  f l i g h t s  and r e s u l t s  r e q u i r e  
f u r t h e r  confirmation.  Such a d i v e r s f t y  of r e s u l t s  steicis f r o m  a nf cir- 
cumstances a s soc ia t ed  wi th  t h e  e f f e c t  of mutagenic f a c t o r s  i n  t h e  experiments 
and the cond i t ions  under which they were c a r r i e d  out .  
l o g i c a l  o b j e c t s  are exposed n o t  only t o  cosmic r a d i a t i o n ,  b u t  a l s o  t o  a whole 
series of o t h e r  f a c t o r s .  S ince  e x i s t i n g  t h e o r i e s  of r a d i a t i o n  mutagenesis are 
u n i v e r s a l ,  a l though of course  s t i l l  incomplete and i n  p a r t  con t r ad ic to ry ,  t h e  
r e s u l t  of t h e  e f f e c t  of i o n i z i n g  r a d i a t i o n  on b i o l o g i c a l  o b j e c t s  may be roughly 
p r e d i c t e d  . 

For a number of o b j e c t s  -- ChZoreZZa, 

I n  space  f l i g h t  t h e  b io-  

This  s o r t  of p r e d i c t i o n  cannot b e  made f o r  o t h e r  phys i ca l  f a c t o r s ,  p r imar i ly  
because t h e  mechanism by which t h e i r  energy is t r ansmi t t ed  t o  t h e  n u c l e a r  s t r u c -  
t u r e s  of cells is  unknown, i f  such a mechanism i n  f a c t  exis ts .  It is  t h i s  f a c t ,  
t o g e t h e r  w i t h  t h e  l o w  (usua l ly  t e n t h s  of a rad)  doses of cosmic r a d i a t i o n  en- 
countered dur ing  t h e  f l i g h t s  and t h e  known s e n s i t i v i t y  of t h e  methods , which 

e f f e c t s  (phage p roduc t ion ) ,  o r  t o  t h e  a c t i o n  of dynamic f l i g h t  f a c t o r s  (chromo- 
-. has l e d  t h e  i n v e s t i g a t o r s  t o  a t t r i b u t e  even t h e  comlstent r e s u l t s  t o  combined 

some rearrangements  i n  Tradescantia) , O r  t o  
* p a i r e d  mi toses  i n  Tradescantia). 

I n  t h o s e  cases  when no g e n e t i c  e f f e c t s  
f l i g h t s ,  i t  is  ev iden t  that t h e  s e n s i t i v i t y  

t h e  a c t i o n  of weight lessness  ( im- 

are observed f o r  a whole series of 
of t h e  r e sea rch  methods i s  too low 
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t o  r e g i s t e r  t h e  g e n e t i c  changes induced by combined e f f e c t s .  Of course ,  t h e  

flown on t h e  f irst  a r t i f i c i a l  e a r t h  satellites when v i r t u a l l y  nothing w a s  known 
concerning t h e  b i o l o g i c a l  e f f e c t  of f l i g h t  f a c t o r s .  

I mounting of such s t u d i e s  must be  excused since t h e  o b j e c t s  i n  ques t ion  were 
I 

: 

It should be noted t h a t  t h e  absence of e f f e c t  due t o  t h e  poor s e n s i t i v i t y  
of t h e  experimental  method may sometimes lead  t o  u n j u s t i f i a b l y  o p t i m i s t i c  con- 
c lus ions .  

I -  

The con t r ad ic to ry  r e s u l t s  obtained f o r  a number of o b j e c t s  during space- 
f l i g h t  may i n  our  opinion be  a t t r i b u t e d  to  t h r e e  i n t e r r e l a t e d  f a c t o r s :  
t h e  s m a l l  d i f f e r e n c e  between t h e  magnitude of e f f e c t  induced by s p a c e f l i g h t  fac-  
t o r s  and t h e  s e n s i t i v i t y  of t h e  experimental  methods; second, d i f f e r e n c e s  i n  t h e  
maintenance condi t ions  f o r  t h e  experimental  and c o n t r o l  materials,  which are no t  
only i r r e l e v a n t  t o  s p a c e f l i g h t  i t s e l f ,  but which va r i ed  from experiment t o  ex- 
periment;  and t h i r d ,  l a c k  of genotype uniformity i n  t h e  material used e i t h e r  f o r  
any one experiment o r  ( e spec ia l ly )  f o r  d i f f e r e n t  experiments.  

f i r s t ,  

, 
That t h e  f i r s t  f a c t o r  is  a real one is  shown by t h e  f a c t  t h a t  a l though the- 

s in -  o r e t i c a l l y  no dose th re sho ld  exists f o r  t he  appearance of mutat ions,  no t  a 
g l e  i n v e s t i g a t o r  has  y e t  s t u d i e d  Drosophila, f o r  example, wi th  doses smaller 
than  1 rad .  
f e rences  between c o n t r o l  specimens remaining i n  t h e  l abora to ry  and those  t r ans -  
por ted  t o  t h e  launch s i t e  and back, and a l s o  by t h e  d i f f e r e n c e s  between c o n t r o l  
specimens t r anspor t ed  t o  t h e  launch s i t e  and back i n  d i f f e r e n t  experiments.  
r e a l i t y  of t h e  t h i r d  f a c t o r  is  ind ica t ed  by t h e  high i n c i a e n c r  uLC ~ u i c t L - i G f i S  it 
t h e  c o n t r o l  material remaining i n  t h e  labora tory ,  and t h e  cons iderable  f luc tua -  
t i o n s  i n  t h i s  inc idence  observed when labora tory  c o n t r o l  series of a number of 
o b j e c t s  w e r e  bred. 

The r e a l i t y  of t h e  second f a c t o r  i s  ind ica t ed  both  by t h e  g r e a t  d i f -  

The 

Glembotskiy and a s s o c i a t e s  [126],  analyzing the r e s u l t s  of seven space- 
f l i g h t s ,  noted t h a t  t h e  r e a c t i o n  of i n h e r i t e d  s t r u c t u r e s  i n  d i f f e r e n t  o b j e c t s  t o  
t h e  cond i t ions  of a p a r t i c u l a r  space f l igh t  tended t o  be para l le l ,  whi le  t h e  re- 
a c t i o n s  t o  t h e  cond i t ions  of d i f f e r e n t  f l i g h t s  v a r i e d  g r e a t l y ,  t h i s  v a r i a t i o n  
having no c o r r e l a t i o n  wi th  f l i g h t  durat ion.  Cor rec t ly  po in t ing  out  t h a t  t h i s  
phenomenon may be due t o  v a r i a t i o n  i n  some f l i g h t  f a c t o r ,  t h e  au tho r s  suggest  
very  c a u t i o u s l y  t h a t  t h e  source  of t h i s  v a r i a t i o n  is  r e l a t e d  t o  cosmic r a d i a t i o n ,  
p a r t i c u l a r l y  t o  t h e  l i t t l e  s tud ied  heavy component. This  explana t ion  has  two 
shortcomings.  The less important of these  i s  t h e  d i f f i c u l t y  of demonstrating 
t h e  s t a t i s t i c a l  r e l i a b i l i t y  of t h e  observed p a r a l l e l i s m ,  which is  t o  say i ts  ex- 
i s t e n c e .  The more important  ob jec t ion  i s  t h a t  cosmic r a d i a t i o n  varies i n  r igo r -  
ous c o r r e l a t i o n  wi th  f l i g h t  du ra t ion ,  so t h a t  t h e  g e n e t i c  e f f e c t  should show t h e  
same c o r r e l a t i o n ,  which i n  a c t u a l i t y  i t  does no t .  
exp lana t ion  of t h e  con t r ad ic to ry  n a t u r e  of t h e  r e s u l t s  ob ta ined  f o r  s e v e r a l  test  
o b j e c t s  appears  t o  us  t o  be  t h e  more sound. 

1152 

For t h e s e  reasons,  our own 

Of course ,  o t h e r  explana t ions  of the obtained r e s u l t s  are a l s o  poss ib l e .  
For example, i t  might be  suggested t h a t  t h e  e l imina t ion  of mutant germ c e l l s  i s  
i n t e n s i f i e d  i n  DrosophiZa under condi t ions  of weight lessness ,  o r  t h a t  prolonged 
exposure t o  weight lessness  changes t h e  dynamics of germ cel ls  t o  b r ing  t h e  least 
r a d i o s e n s i t i v e  s t a g e s  under ana lys i s .  Explanations of t h i s  kind have a common 
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shortcoming -- they p o s t u l a t e  t h e  ex i s t ence  of phenomena whose r e a l i t y  is  doubt- 
f u l .  

Thus, t h e  s u c c e s s f u l  conduct of g e n e t i c  experiments dur ing  s p a c e f l i g h t s  in -  
s i d e  t h e  e a r t h ' s  r a d i a t i o n  b e l t s  r e q u i r e s  t h a t  b i o l o g i c a l  o b j e c t s  be  found and 
r e sea rch  methods developed provid ing  a high degree  of s e n s i t i v i t y ,  and t h a t  
v a r i a b i l i t y  due t o  nonuniform maintenance of t h e  exper imenta l  and c o n t r o l  spec i -  
mens b e  e l imina ted ,  and f i n a l l y ,  t h a t  g e n e t i c a l l y  uniform material b e  used i n  
ca r ry ing  o u t  t h e  experiments. 
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